The mass spec trometer was used for t he analysis of a standard sample of carburetted water-gas by labora tories coop erating wi th Sub commi t tee VII of Committee D -3 of the American Society for T estin g Materials. The resul ts of t he cooperative analysis show t he reproducibility and, in certain respect, t he accuracy of t his powerful new apparat us fo r gas analysis. The heating value and t he specific gravity of the sa mple calculated from t he analytical data were co mpa red wi th the k nown values. So me very creditable work is reported, but the need for improvement and s ta ndardi za t io n wi th respect t o the determination of hy d rogen, carb on mo noxide and nit rogen is evident.
Introduction
This r eport is th e fifth of a series of cooperative analyses of standard gas samples 2 conducted to furnish basic information for the development of s tandard methods for the analysis of fu el gases. The development of these s tandards is a task assigned to Sub committee D-3-VII of the ASTM, a nd the method of this d evelopmen t has been outlined in four previous r eports. 3 The 27 labora tories that cooper a ted in the present work wer e widely distributed geographically, but most of them wer e associa ted with th e p etroleum industry. Ther e was some r epresentat ion from the chemical industry and Government laboratories. In general, all the laboratories followed the operating procedures prescrib ed in the manuals furnished with the instruments. D epar-1 C hairman of Subcommittee VII (Analysis of Gaseous F nels) of Com· m ittee D-3 (Gaseous F uels), American Society for 'f est ing Materials.
2 These samples are not to be confused with the regular Standard Samples prepared and oiIered for sale by t his Bureau. T hey arc m ixtures prepared especially for these coo perative analyses and are issued to laboratories coop· erating wit h the American Society for Test ing M aterials on t his project.
3 M artin Shepherd , An aly sis of a standard sample of t he carburetted water· gas t ype b y laboratories cooperat ing with t he American Societ y for T esting M aterials, J . Research N B S 36, 313 (1946) RP1704; Anal ys is of a sta ndard sample of natural gas by laborato ries cooperating with t he Amcrican Society for T esting Materials, J. R esearch N BS 38, 19 ([947) RP1750; Coopcrative a nalysis of a stan dar d sample of nat ural gas with t he mass spectrometer, J. R esearch N BS 38, 491 (1947) R P1789; Analys is of a n atural gas by volu· mel r ic chemical methods and by mass s pectrometer, Anal. Chern. 19. 635 (1947). tures from the prescrib ed course were few and of such nature that no significant change was expected or observed. The gr ea tes t variation was in the method of computation. Thus, with r espect both to apparatus and methods of operation, this series of cooperative analyses wa conducted with a preliminary standardiza tion tha t was unofficial but none the less r eal ; and, while this may or may not h ave been a factor in the accuracy achieved, it must have affected th e over-all r eproducibili ty. The n eed fo r fur ther s tandardi za tion, par ticularly in calculating methods, i eviden t.
II. Standard Carburetted Water-Gas
Sample ASTM D-3-VII-5
The preparation of the standard sample of th e carburet ted wa ter-gas typ e, iden tified as AS'l'M D-3-VII-l , which was used in the cooperative analysis by volumetric chemical m ethods, has b een describ ed in d etail in R esearch Pa' per RP1704 (see foo t note 3). That account will serve t o establish th e history of the presen t sample, ASTM D-3-VII-5, which was analyzed by the mass spectrometer , since th e N o. 1 and No. 5 samples were identical, except for oxygen, which had b een mostly removed from sample 5. This information was not disclosed when sample 5 was issued, and accordingly it was analyzed as a blind sample.
In general, it did not find its way into the same laboratories that had p erformed the chemical analyses, although, in a few cases, this did happen.
Sample ASTM D-3-VII -5 was issued in the same type of cylinder as that used for the sample 1, and the instructions for transferring it to the spectrometer without contamination were essentially the same. This information will, accordingly, not be r epeated here.
Chemical and physical methods were thus put into direct competition. The part of the story concerned with the analysis by the mass spectrometer is given in this paper. A comparison of th e two methods will be given in another paper.
III. Analytical Results
All of the analytical data submitted have been tabulated, together with the average values derived from each laboratory's analyses; but the study of these data for a long time would not serve to r eveal what may be seen at a glance when these same data are presented in a series of frequencydistribution plots. These plots, which amount to actual pictures of the analytical results, will enable the reader to arrive at the obvious conclusions.
In the plots, each circle represents a value derived from a single determination of the substance indicated in the legend. The abscissas are values derived from the analyses; and these values are plotted equidistant on the ordinates and so indicate the frequency with which these values occur. For example, the frequency-distribution plot for carbon dioxide ( fig. 1) shows that 4 determinations gave the value 4.0 percent, 8 determinations gave 4.1 percent, 4 gave 4.2 percent, 10 gave 4.3, 18 gave 4.4, and so on. The plots are divided into two sections, one of which shows the laboratory averages, the other all of the determinations. Thus a laboratory to laboratory comparison may be made, but the study of accuracy and reproducibility may be referred to the plot giving all determinations. This system is carried throughout the group of plots, and with this in mind, they can be studied. The analyses for each component will be considered.
Carbon Dioxide ( fig. 1 ). All of the determinations for carbon dioxide are given in figure 1. The greatest frequency is indicated at 4.5, in agreement with the arithmetical average (determined
with four high values dropped), 4.49 ± 0.14 (average deviation), and with the median, 4.5. These values agree with the most probable value, 4.44 ± 0.04, previously determined (RPI704). The laboratory average is 4.49 ± 0.17-or, with one high value dropped, 4.46 ± 0.14. Accuracy and reproducibility are thus satisfactory. Oxygen ( fig. 2 ). Oxygen occurred in this sample in an amount less than 0.05 percent, so that rounded off values indicate its absence in 66 percent of the determinations. After dropping the three high values, the arithmetical average becomes 0.03. Highest frequency and median are found at O. Laboratory average (without the three high rogues) is 0.03. Most of the determinations of this gas are satisfactory.
Carbon Monoxide (fig. 3 ). The spectrometer was not altogether comfortable with respect to this determination. Some analysts calculated from the over-populated though most sensitive 28 peak; a few others used the less sensitive 12 peak. In one case 00 was completely confused with N2• The plot shows no adherence to the Gaussian pattern. The arithmetical mean com- Methane ( fig. 5 ). While some difficulty was experienced with carbon monoxide and hydrogen in this sample (and more difficulty will occur with nitrogen), the spectrometer is at home in dealing with the hydrocarbon fractions of thi ga. The change is evident in the methane plot. The mean (with three low values dropped) is 8.0 ± 0.4 ; the median is 8.0; and the highest frequency occurs at 8.1. Laboratory averages range from 6.2 to 9.3; their average is 7.9 ± 0.4. In general, the values are ati factorily clustered, and a Gaussian pattern is now evident.
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Ethane ( fig. 6 ). A clean-cut analysis for ethane is shown in this plot. The highest frequency occurs at 3.3. The mean is 3.3±0.15, and the median is 3.3. Laboratory averages range from 2.8 to 3.5, with an average of 3.3±0.15. The answer seems to be 3.3.
Ethylene ( fig. 7) . Determination of the ethylene was not achieved in the decisive manner hown in the determination of the ethane. (I n general, this is true of the un aturated hydrocarbons.) J evertheless, the determination for ethylene was satisfactory. The plot shows a block-like structure of values centered about 13 percent. The mean is 12 .9±:0.4, and the median is also 12.9. Other hydrocarbons reported in small amounts are shown at the right of the plot for ethylene. There are not many, . but out of 138 analyses, propane was reported 15 times, propylene 18 times, n-butane 6 times, butenes 6 times, "03" three times, 0 3 + heavier hydrocarbons 12 times, and acetylene 3 times.
Nitrogen ( ·1 : tha t calculated specific gra vi ty is a direc t over-all measurement of the accuracy of the analysis.
Calculated H eating Value (fig . 10 ). The plot again shows no decisive Gaussian pattern. The mean of values from 529 to 566 is 550 ± 7, and the median i 551. Laboratory average is 547 + , dropping the value 458. The measured value is 549 . 5
IV. The Tabulated Data
No attempt has been made to se t forth all of th e statistical infer en ces tha t can be derived from the data given in this r epor t. The whole obj ect of the r eport is to pre ent a gener al integra ted picture of th e real state of analysis of this kind without, for the momen t, distracting particulars . This is no t to ay tha t a statistical study will pot prove of equal or gr eater value, bu t it should be presented epal'ately. To temp t omeone to do thi , the data ar e given in table 1 a t th e end of this paper .
The table is self-explana tory excep t for the colunm " Operator-Spec trogl'am-Calcula tor K ey." The exp eriment was design ed to show the effec t of these three factors-the oper a tor of the spectrometer , the in trument itself as indica ted by the spectrogram i t produced, and the calculator who derived th e final answer fr om the spectrogram. E ach labora tory wa asked t o produce four spectrograms of the standard sample, using two instrumen t opera tors and two calcula tor . The complete pattern for each laboratory should have been
wher e 0 mean operator, S designate spectrogram, and C, the cal cula tor. The O-'8-C key of the table is thus explained. The table discloses only seven complete pattern , while other are partially complete, or not clearly d efined.
Before pa sing the e data along to competent tatistical talen t, a few observations may be briefly made. If the complete pat terns for
• T be beating value was measured by J ohn Eiseman and Ralph Jessup at bis Burean. I : . :1 .
• . 1 laboratories 2, 4, 8,10, 11 , 17, and 20 are examined in the instance of calculated specific gravity, which is a good over-all measure of the success of the analysis involving all components determined, these facts are evident:
(1) The differences between two calculators using the same spectrogram in the same laboratory were small. The average differences for the seven laboratories (in the order given above), expressed in thousandths, are: 1 1/2, 0, 1, 1/4, 4 1/4, 1/4, 1 1/4; the average of all the differences is 1.2. (This calculation was based on differences between 01-S1-01 and 01-S1-02, 01-S2-01 and 01-82 -02, 02-S3-01 and 02-S3-02, 02-84-01 and 02-84-02 .) (2) The differences between two operators using the same instrument in the same laboratory were small. The average differences for the seven laboratories are: 1 1/2, 1, 1/2, 1,3 1/2, 1/4, 1 1/4. The average of all differences is 1. (This calculation was based on the average of all 01 measurements minus the average of all 0 2 measurements for each laboratory).
(3) The differences between spectrograms were larger than between operators and calculators. For the seven laboratories, the average differences are 1 1/2, 1, 4, 4 1/4, 4 1/4, 1 3/4, 1 1/4. The average of all differences is 2.6. (This calculation was based on the differences between 01-S1-01 and 01-S2-01, 01-S1-02 and 01- 82-02 , 02-S3-01 and 02-84-01, 02--83-02 and 02-84-02 . See 0--8-0 key above).
These observations agree with those made previously in the analysis of a natural gas by the mass spectrometer (see footnote 3).
In a paper given December 27,1949 to the 109th annual meeting of the American 8tatistical Association, W. J . Youden remarked: "It is a fact of experience that a set of measurements made by different operators at different times or in different localities is subject to greater variation than It set of measurements made by one operator using the same apparatus on the same day." The data presented here offer no exception to this fact of experIence. Thus, for example, the mean of all 516 values of calculated specific gravity (between 0.626 and 0.677 ) is 0.650 ± 0.007; the mean of the laboratory averages is 0.648 ± 0.009; but the reproducibility of each laboratory varies from 0.0005 to 0.004, with an average of 0.0017-three times better than the reproducibility obtained from the laboratory averages.
The factors controlling interlaboratory differences will probably never be completely evaluated. One important factor in the present case is a difference in methods of solving spectrograms, and not enough is known about this 'iv-hole subject. Particular attention is being given this phase of mass spectrometric analysis in the preparation of A8TM tentative standards.
V. Summary
As often happens, a group of values that yield a frequency plot devoid of the classical Gaussian pattern and are, from the analyst's viewpoint, inconveniently various, nevertheless have yielded a mean value very close to the most probable or the actual one. This is always a comfort if one has an abundance of data from as many sources as are necessary; but the problem remains to deterrriine the accuracy of a single source in the absence of sufficient data from many sources. Thus, the spectrometric determination of hydrogen, and of carbon monoxide with nitrogen, has not been altogether satisfactory. However, the mass spectrometer is quite at home in the analysis of the hydro carbon fraction of such samples as the one just studied, even though some difficulty was experienced around mass 28. In fact, the spectrometer is able to analyze actual fuel gases of this type where 20 component mixtures are not unusual. Such complicated mixtures have been difficult when analyzed by a combination of other methods.
Jean Doyle and 11arthada Vaughn Kilday checked the calculations of heating value and specific gravity, and this assistance is gratefully acknowledged. 
-------1 1 ------------------------------------------

Rtlt
See footnotes at end of table.
Mass Spectrometric Analysis of Carburetted Water-Gas
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